The de electron current to a resonance probe, as a function of frequency and other pertinent parameters, is computed from a 1-dimensional plasma-sheath model. From linearized macroscopic plasma equations with damping, the longitudinal rf field that is caused in the two-slab model by the applied rf voltage is derived. The dielectric constant in the sheath is taken to be 1; the sheath thickness is estimated from the LANGMUIR-CHILD law. In accordance with MAYER, there occurs an rf resonance at a frequency co'res ^co^^Mp , where cos/cop is determined by the probe-sheath-plasma geometry. The dc electron current to the probe is computed numerically by means of an approximate classification of the (collisionless) electron orbits in the combined dc and rf fields. There follows a dc resonance at core$ < cos, but none at the plasma frequency cop . For co < cores and co fores the correct limiting values of the dc current are reproduced. There is good qualitative agreement with recent experimental results by PETER, MÜLLER, and RABBEN, but disagreement with a theory by ICHIKAWA and IKEGAMI. Arguments are presented that speak against the validity of that theory.
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The plasma resonance probe, or rf probe, is a LANGMUIR probe to which, in addition to a dc voltage V, an rf voltage of amplitude bV and variable frequency co is appliedUsually, V is taken to be negative, and the rf wave length is sufficiently large such that the rf field can be considered as purely longitudinal. One measures the dc current to the probe and/or the rf impedance of the probe.
In the following we shall consider the dc electron current only. That is, we shall ignore the frequency dependence of the dc ion current, an approximation that is legitimate at frequencies above the ion plasma frequency. Specifically, we shall not deal with the ion resonance of the dc current to the probe, an effect discovered by KATO and collaborators 2 .
At low frequencies the dc (electron) current is virtually independent of co. but larger than the static current: 1 je~*h = k Io(<fy)> to-^0.
* This work was performed under the auspices of the contract between the Institut für Plasmaphysik GbmH and EURATOM for cooperative effort in the area of plasma physics. A brief report on the work was given at the Spring meeting of the Fachausschuß "Plasmaphysik und Gasentladungen" of the Deutsche Physikalische Gesellschaft in Karlsruhe (March 18-21, 1964 While in some of the investigations 1 ' 6-8 the dc resonance frequency was claimed to coincide with the plasma frequency, other investigators 3~4,10 showed that this is not, in general, true. Rather the dc resonance frequency cores and the rf resonance frequency o/res appeared to satisfy relations of the form A general formula for the approximate rf resonance frequency OJs is easily derived along the same lines, if no magnetic field is present. It comprises the above-mentioned formulae as special cases: In the case of a double probe (stray-field neglected)
C is the vacuum capacity of the double probe, while C' is the vacuum capacity of the system formed of the two plasma-sheath boundaries. The two sheaths are assumed not to overlap. By deforming one of the components of the double probe, together with its plasma-sheath boundary, into a sphere of infinite radius, one obtains for a single probe that is situated far from other electrodes. Equation (6) 
for the double probe, where Fj , F2 are the areas of the probe surfaces, and for the single probe:
Comparison with Eq. (3) shows the exact meaning of the quantity q.
Equation ( Then, in Eq. (6). C < C, and cossacop .
From the above-mentioned investigations 3~°'11-12 and from related ones 14-17 the conclusion can be drawn that the rf resonance and the dc resonance are related phenomena (the resonance frequencies are nearly the same) and that the plasma-sheath inhomogeneity is essential in both effects. KAWA 18~20 . However, this theory suffers from the neglect of the above-mentioned longitudinal rf resonance at 6o'res<a)p . Furthermore these authors normalize the longitudinal rf field contrary to the basic concepts of electrostatics in that the path integral not of the total rf field ( = sum of external and internal fields), but of the external field only, is equated to the negative rf voltage. This improper normalization leads to an unphysical rf resonance at co = cop . Also the distinction between the internal rf field, that is produced by the charge density of the plasma, and the external rf field, whose sources are external charges, is not clear-cut. A well-behaved external field should not be affected by the plasma, but the above authors assume it to be shielded out within a distance of the order of the ion sheath thickness. On the other hand, the external field is supposed to influence the homogeneous plasma, i. e. to modify the velocity and density distribution and to induce an internal rf field. It is this latter field which then is disregarded in the normalization. In the end ICHI-KAWA and IKEGAMI obtain a dc resonance frequency cores«;a>p independent of the probe-sheath-plasma geometry. As mentioned, this contradicts experimental results. Furthermore, in his improved theory that takes into account the nonvanishing transit time across the sheath, ICHIKAWA 20 finds a minimum of the dc current to occur at to > cores. The value of this current minimum is smaller than the static current. Such a minimum has never been observed in experiments.
In the present paper an alternative theory of the dc current to the resonance probe is given that takes the rf resonance produced by the plasma-sheath inhomogeneity into account. A simple one-dimensional discontinuous plasma-sheath model, similar to MAYER'S 5 , will be used. More details of the work than are given below are to be found in a Laboratory Report by the author 21 .
I. Theory
The computation of the dc electron current to the rf probe will be done for negative dc voltage V. vation of the rf field (Fig. 1) . Adjacent to the probe there is the dc ion sheath of thickness d, where ö is given by Eq. (4). In 0<x<R -d there is a perturbed plasma region, while for :r<0 the plasma is assumed unperturbed. The dielectric constant £s in the sheath is equated to 1. while in the plasma Eq. (5) is used. The characteristic length R is chosen such that the rf resonance frequency cos obtained from this model obeys Eq. (7 a), with s = £. Hence R = (F/4 7I C). This one-dimensional model is most appropriate for a plane resonance probe; for a plane probe of circular shape with radius r, R=tz rj4. On the basis of this simple model the derivation of the rf field is straight-forward and need not be given here. The resulting expressions for the rf field are listed in Eqs. (12) and (20) to (24). The plasma dielectric constant fp of Eq. (5) is an approximate expression. It may be derived from the macroscopic equations of motion of the electrons (with collisional damping) and from the Poisson equation by letting the wave-number k -0. By this device, rf screening within the homogeneous plasma (co<cop) and running waves (co>cop) are dropped. This is easily justified for co cop , in which case the rf screening should occur within the dc sheath, and for co cop , in which case the running wave terms have negligible amplitudes. For co ~ cop calculations that take the ^-dependence into account approximately, have shown that neglecting the ^-dependence has no serious effect upon the theoretical result for the dc current to the probe 21 .
The dc electron current density j to the probe will be computed by means of an approximate classification of the collisionless electron orbits in the combined dc and rf fields: where the unperturbed velocity distribution f0(v0) of the electrons has been assumed to be Maxwellian.
Here j0 is the thermal current density of electrons:
rp = co t0 is the rf phase at t0, the time at which an electron passes through x = 0 from left to right, ß0
and ßn are its kinetic energies in units of k Te at x = 0 and x = R, and He (x) is the Heaviside step function, i. e.,
He(x) = } for x < 0 .
Ev(:t, t) = ~ [Xm cos (co t) + Ym sin(co t)]
The approximation in Eq. (8) consists in assuming that all those and only those electrons with ßn>0 will actually reach the probe. This is a good approximation for bV and oj sufficiently small, and for particle speeds sufficiently large, i. e. if the total field an electron sees during his passage to the probe is sufficiently close to being a monotonic function of .r(£). From conservation of energy there follows, if collisions are neglected.
o where now r\= + eV/kTe, Ew the rf field, and t = time. Here and in the following the electron charge is put equal to ( + e), and V > 0.
For simplicity we determine t as if the electron speeds were constant in time, i. e., we put t = t0 + x/v0.
(11)
In the perturbed plasma region this is a good approximation for most electrons, if the rf field is sufficiently small. In the sheath it is justified for those electrons for which the time of flight through the sheath is not longer than half the rf period. An estimate using the LANGMUIR-CHILD law for the sheath thickness b shows that for an electron with critical , i. e., such that ß0 = tj, the time of flight is sufficiently short, if oj < (Dp and r;<10. For electrons so slow that their transit time amounts to many half-periods, it is expected that the errors made for electrons of comparable v0 will cancel out. In an intermediate t>0-range, use of Eq. (11) may lead to a certain systematic error in the result.
In accordance with the above-described model, the rf field has the form:
The values of the rf field coefficients Xm , Yrn and of the distances Rw are given at the end of this Section.
On using Eq. (12), the x-and ^-integrations can be carried out, and the result for the dc current is, by straight-forward analysis: 
where
and Rt = 0; R2 = R -b; R3 = R (Fig. 1) .
With an rf voltage of the form Uw = bV cos (co t)
applied between x = 0 and x = R (Fig. 1) 
Equations (13) to (24) were evaluated numerically on an electronic computer (IBM 7090).
II. Results
That the rf field given by Eqs. (12) and (20) to (23) 
III. Discussion
The results obtained for the dc electron current to the resonance probe allow a simple interpretation (compare Figs. 1 to 3 ). Letters 11, 183 [1963] .
tron plasma frequency cannot be determined from the measurement of cores alone. Possibly a sufficiently large variation of or the combined use of several probes of different sizes will permit to determine cop .
For cos (Op the discrepancy between tores and tos, resp. o/res and cop, is to be remembered. Furthermore. a determination of the actual electron collision frequency from resonance probe measurements turns out to be impractical, whenever the collision frequency is small compared to the plasma frequency.
This follows from the fact that the parameter v must be chosen of the order of cop in order to obtain agreement with experiments in which collisions are negligible. On the other hand, if the pertinent plasma parameters are known, the resonance probe may be used in investigations of the ion sheath structure.
Concerning the theory by ICHIKAWA and IKE-GAMI 18-20 it has been shown that it does not describe the experimental results, and that several theoretical arguments against its validity may be raised.
